A real (nonabrupt) p-n junction has been theoretically analyzed. It consists of a graded profile of shallow dopant atoms and a uniform profile of deep impurities, their relative concentrations varying along the structure (i.e., there are regions where deep impurity concentration is highest and others where dopant concentration dominates). This type of structure was excited by majority-carrier pulses, which allowed us to describe and explain new components in the charge distribution through the junction. The change in the interpretation of results from the application of capacitance techniques to these samples is quite remarkable. The validity of the theory is verified by comparison with experimental results obtained for silicon p-n junctions highly doped with platinum. The detailed analysis of the electrical model of a gradual junction with two deep levels, located in both halves of the band gap has allowed us to explain the following: (a) the disappearance of peaks in deep level transient spectroscopy (DLTS), (b) the existence of both positive and negative signals in a majority-DLTS spectrum, and (c) decreasing capacitance and voltage transients due to the emission of majority carriers or transients in which rising and falling sections are combined. The last two points cannot be explained by using the extended model of p f-pl or n'-p junctions even if the deep-level concentration NT is assumed to be of the same order as the free carrier concentration.
I. INTRODUCTION
A major breakthrough in the investigation of deep levels took place with the development of junction techniques. By applying appropriate biases, one can let carriers in and out of the junction and vary the charge state of the deep levels, getting the system out of the steady state. These changes may be observed by capacitance or current measurements.
Since the first junction techniques, around 1970,' other variants have been developed, such as the well-known deep level transient spectroscopy (DLTS) introduced by Lang. ' The junction techniques in general and DLTS in particular revolutionized the process of electrical characterization of deep centers. 3'4 The main advantage of the junction techniques is their ability to decouple the effects produced by deep centers and by the shallow dopants and focus on signals arising from deep impurities. In addition, junction measurements are center specific, in the sense that they can determine the concentration, emission coefficients, capture cross sections, and energy levels of deep centers even when several of them are present in the same sample.
In absence of effects such as: (a) emission rate of the trapped charge dependent on the electric field, (b) multiexponential decay due to the presence of several trap levels with similar emission rates, and (c) trap density of the same order of magnitude as that of the shallow dopants, capacitance transients have been shown to be exponential.5 The common feature of these previous investigations is the use of abrupt and one side pf-n or nC-p junctions; the *)Present address: Departamento de Electrhica, Facultad de Ciencias, Universidad de Valladolid, 47011, Valladolid, Spain. necessary condition of this technique is based on the fact that the space-charge region undergoes little variation while deep levels are emitting their charge carriers. When trap density is high, however, the capacitance transient is nonexponential and fitting of the decay curve to an exponential function gives erroneous emission rates. The constant-capacitance voltage transient eliminated this problem,6 giving an exponential decay. The constantvoltage capacitance-transient is simpler to implement experimentally, which is why researchers developed new corrections.7'8 They took into account that, during the transient, the variation of the width of the space-charge region can be important. However, they were still analyzing abrupt junctions and shallow-dopant concentration greater than deep center concentration along the entire less doped side. Recently, a measurement method was developed which makes it possible to characterize deep centers in nonabrupt p-n junctions.' They approach reality because they take into account the variation of both borders of the space-charge region. However, a full theoretical treatment is still lacking, for the effects of high concentration of deep impurities in nonabrupt junctions must be included. It is worthwhile to note that in graded junctions there is always a region around the metallurgical junction where the deep level concentration is higher than the shallow dopant concentration. We have analyzed in detail the distributions of charge and electric field that this fact produces in the case of a linearly graded junction." However, even in asymmetrical p +n or n+p junctions subjected to long diffusion processes there is a-certain degree of graduality near the metallurgical junction. This can lead to erroneous results in the interpretation of experimental data when these junc-tions are supposed to be abrupt. In this article we present a detailed analysis of the distributions of electric field and charge density in these kinds of junctions. To do this, Poisson's equation has been solved along the junction using. a dynamic mesh and imposing a very strict criterium of convergence, which has allowed the automatic introduction of a high density of mesh points where new components of electric field appeared, Furthermore, the transient behavior of the junction has been simulated through the simultaneous resolution of the Poisson and Shockley-Read-Hall equations. This has made it possible to explain the capacitance transients and DLTS spectra obtained experimentally. Until now, only rising capacitance transients in the case of majority-carrier emission and falling capacitance transients in the case of minority-carrier emission had been explained. As we put forth in this article, we have found, both experimentally and theoretically, falling capacitance transients due to the emission of majority carriers and even capacitance transients with a maximum and a change in the sign of the slope. This behavior is explained and compared with experimental results obtained in silicon p+-n-n+ structures heavily doped with platinum. Although the system Si:Pt was used, we can extend these results to other types of semiconductors and deep centers where the deep center/ shallow impurity concentrations ratio is arbitrary along the junction.
II. THEORY
The one-dimensional Poisson's equation, in the form that appears in nondegenerate-semiconductors device theory, does not have an analytical or straightforward solution when the impurity doping concentration is not uniform (or almost uniform) and when no approximations are used. The numerical solution of this problem has been considered by a number of authors."-14 We have made modifications to these methods to be able to apply them to a more general case: a gradual junction doped with deep centers in steady" and transient state conditions. From the distribution of potential along the junction, other electrical magnitudes can be deduced, in particular, the highfrequency capacitance. This magnitude is very important as it allows us to compare experimental and theoretical results, and because of the difficulty in the interpretation of experimental results from capacitance techniques with arbitrary deep center and dopant concentrations. That is the reason why a gradual p-n junction with deep levels was simulated. The numerical evaluation of Poisson's equation for different values of deep impurity concentration allowed us to apply and correctly explain junction-capacitance techniques.
We consider a p-n junction with a gradual profile of shallow, dopants of density N(x) =ND(x) -NA(x), and two deep levels; one is of acceptor type with uniform concentration NT1 and the other of donor type, also with uniform concentration N m Given these assumptions, and considering the junction under reverse bias Y and in steady-state conditions, the potential 4(x> is given by Poisson's equation:
where p(x) and n(x) are the distributions of free holes and electrons respectively, fT1 y f T2 are the-occupation factors of the deep levels, q is the magnitude the electron charge, and E, is the silicon dielectric constant.
Equation ( 1) can be expressed more concisely as":
if we take into account the potential dependence of the free-carrier distribution densities:
n(x) = n,.@@eEdKT (5) and the free carrier dependence of the occupation factor:
where EFP and EF,, are the hole and electron quasi-Fermi levels taking as a reference point the Fermi level at the ohmic contact of the n side (in steady conditions EFn=O and EFP= -qV, where V is the reverse bias voltage), ni is the intrinsic carrier concentration, j?=KT/q, K the Boltzmann constant, and T the absolute temperature. PT and nT are related to thermal emission coefficients by:
and R =cJcn is the hole and electron thermal capture coefficient ratio that, in our case, has no influence in a wide range of values." Equation (3) has been solved for both the p and n regions by an iterative Cowell-Newton method with a variable mesh distribution that is redefined after each iteration by introducing new mesh points where the potential variations are greater than a prefixed value. When the deep levels are introduced, the method still converges although the convergence is slower because the occupation functions are modified in each iteration. The principal new features of our method, in contrast to other numerical methods, are: the presence of deep levels, the high density of the grid in zones where it is necessary, and the small relative error imposed to achieve convergence (<10-15). More relaxed values lead to loss of information in the borders of the space-charge zone, a region .of basic importance in the treatment of this type of junction.
To study a transient situation, a sudden reverse-bias voltage, V', is applied to the junction. The time evolution of this system towards the new steady state must be described by the combination of Poisson's equation and the time dependent expression for the net charge density: 
where the occupation factors vary over time in this way:
and the concentration of holes and electrons are described by Eqs. (4) and (5), respectively, where 4, EF,,, and EQ, depend on time. We have observed that EF,,=O and EFP= -qV are quite good approximations when we assume a reverse biased junction, emission carrier time much greater than the time needed to evacuate free carriers from spacecharge zones, and a low current due to emission carriers. Poisson's equation is solved at different instants of time during the relaxation.
Once the theoretical distribution of the potential 4(x) is known for any external bias voltage value, the interest magnitudes such as carrier concentrations, deep impurity occupation functions, the electric field in the junction region, and particularly the charge density stored on one side of the structure may be deduced: Q= ~own/?W~~, (11) W, is the position of the metallic contact in the n region, and p(x) is obtained from Eqs. (2) or (9), depending on the state that is being analyzed.
The high-frequency capacitance can be derived from the voltage derivative of Pq. ( 11). A simplified expression of this magnitude was obtained:" c=-s , "" &PO Yh (12) where y = &p/S V, calculated by the resolution of Poisson's equation under small signal (64 and 6V are small signal increments) and high frequency conditions, and no is the quiescent electron concentration.
III. ELECTRICAL BEHAVIOR OF A GRADUAL p-n JUNCTION WITH DEEP LEVELS
We are now going to apply our theoretical method to a practical case ( junction with the p side more doped than the n side. The shape of this dopant profile is similar to an exponential function No( 1 -es""), donor concentration on the n side is N,=6.67>< lOi cm -3, A-10 pm, and the metallurgical junction is located at x=0. Two deep levels are also included with the following features: one is located at 0.22 eV below the minimum of the conduction band, ETI, with acceptor character, and the other is placed 0.34 eV above the valence-band maximum, En, this one with donor character. Deep level concentrations are assumed uniform and equal NT1 =NTZ= Nr. In Fig. 1 we wish to draw attention to the point where dopant concentration equals deep impurity concentration, which we have named point S. The choice of all these values is not arbitrary but close to the expected values in our experimental samples.
The aim of this analysis is to anticipate and justify anomalous events that may be observed in capacitance or voltage transients or in DLTS spectra. To do this we will first calculate several electrical magnitudes from the electric potential in the junction: electron and hole concentration, deep-level occupation factors, net charge density, and electric field.
A. Distribution of electrical magnitudes in heavily doped samples: Constant T We have considered a deep impurity concentration of NT= 8 X lOi cm.-3, one order of magnitude over shallowdopant concentration on the n side and with a temperature of T= 166 K. The results of our simulations are shown in Fig. 2 : occupation factors, free-carrier concentration, electric field, and net charge density are calculated under three different reverse bias voltages.
From these results we can observe that the higher the reverse bias voltage, the higher the value of the electric field in the metallurgical junction. However, in our model, another region appears (surrounding point S near the border of the space-charge zone) where the electric field is not zero, in contrast to the models normally dealt with. In this zone, the electric field dependence with the reverse bias voltage is opposite that at the junction. This occurs because a region is to be found located between point S and the metallurgical junction, where ionized deep-level concentration is higher than dopant concentration [NA;L> N(x) -1. Therefore, the net charge density is positive inside a zone where the charge is usually considered to be negative (i.e., space-charge layer in p side). As shown in the plot of net charge density in Fig. 2 , a charge inversion appears inside the depletion region. The appearance of a new barrier prevents charge carriers from naturally flowing through this place, and it is the origin of a blocking of the p-spacecharge zone just at this point as the external voltage decreases. Thus, the depletion region width might only decrease where there were no impediments: in the n side of the junction, unless this region were also highly compensated, in which case the depletion region would extend to the whole n side. At 166 K, this region is not heavily compensated due to the small value of the occupation factor of level &I. The lower the temperature the higher the value of the occupation factor, and therefore the region will be much more compensated. At low temperatures the blocking of the two borders of the space-charge zone will give rise to a constant value in capacitance-voltage curves and the disappearance of peaks in capacitance-DLTS spectra (i.e., flat spectra, as will be shown in the experimental section).
By decreasing the external voltage to 0 V, the electric field and the net charge density acquire null values in a central region of the p side depletion region (between points N and M of Fig. 2) . However, neither the number of ionized deep levels is null (there is no abrupt fall of the occupation factor of the ievel En), nor is the hole concentration null at the same place (when approaching the metallurgical junction, hole concentration does not approach zero as quickly as the electron concentration does on the n side of the junction). The hole density is non null so that the concentration of ionized donor deep impurities is that corresponding to a steady-state condition, (almost precisely the necessary to compensate the ionized shallow impurities).
B. Evolution of the magnitudes with temperature for heavily doped samples
The behavior of nonabrupt junctions with deep levels was analyzed in the previous paragraph for different values of the reverse bias and a fixed temperature. Now, the applied bias voltage is maintained and the temperature is varied. The increase of the temperature with constant deep level concentration produces similar effects as the decrease in deep level concentration at constant temperature, since when temperature increases, the ionization of the centers that we are considering (and thus their influence on the charge density) will be smaller.
The evolution of the above electrical magnitudes with temperature for a constant bias equal to 0.2 V is shown in Fig. 3 . It is apparent that as the temperature is increased, the influence of the centers is smaller and the free-carrier concentrations recover the values that they would have in the absence of deep centers (equal to the shallow-dopant concentration). The main variation in the electric field and in the charge density is produced around the S point, which is the same for the three temperatures considered in this figure. Near the metallurgical junction the variation with temperature is small since, as plotted in the occupation factor figure, the ionization of the two levels is null and the contribution to the charge density is purely due to the shallow impurities: p =q( ND--NA). Only the extremes of this central zone are modified since the centers are ionized in the region included between the neutral zones and the crossing point of the Fermi level with the impurity levels.
The decrease in temperature causes the ionization of levels to increase and a greater inversion of charge near the S point, resulting also in a greater electric field near this point. The increase of the electric field -at this location prevents this magnitude from rising inside the region near the junction. Besides, this peak maintains the free carriers (holes, in this case) away from the junction and a zone almost empty of carriers is produced, mainly at low temperatures (region named MN above).
On the n side of the junction the shallow dopant impurities are compensated for by the deep impurities to a higher degree as the temperature decreases. The freecarrier concentration also diminishes and at low enough temperatures the depletion region can be considered to extend across the whole of the n side:This kind of compensation is known in the literatureis7i6 as the deep center concentration increases. We can add another type of compensation due to the build up of an electric field peak that blocks the spatial charge region border.
C. Transient behavior of the net charge density
We have explained the steady-state behavior of the junction and analyzed-the evolution of some electrical magnitudes as a function of variables such as the reverse bias voltage and the temperature.
We will now proceed to analyze the transient behavior.. We have reproduced by simulation the dynamic behavior of this type of junction, in particular the isothermal capacitance transient response associated with carrier emission from impurity levels. The key to understanding the dynamic response is once again the blocking of the spatial charge region edge on the p side, due to the growing of the electric field peak in this zone, as mentioned above. The simulation by computer of the evolution of the net stored charge has allowed us to explain the actual decays, which we call anomalous decays because they have not yet been reported, although they are expected from the results of our previous analysis.
We can also anticipate the shape of experimental capacitance transients taken in our laboratory with real samples (the experimental results will be presented in the next section). To do this, we have simulated two majority capacitance transients corresponding to the emission of holes from the En level on the p side of the junction, at T= 166 K. The two simulated transient decays correspond to lightly and heavily doped samples with deep impurities (see Figs. 4 and 5, respectively). In the figures we have marked five different instants of the transient with circles. The net charge distributions were calculated for these five instants. The results along the junction are shown in the same figure (top left) and in larger scale on the y1 side (bottom right) and the p side (bottom left). These transients are the result of applying the following bias sequence: We start with the sample biased with a reverse voltage of 0.2 V in a steady-state situation. Then, we suddenly apply a reverse voltage of 9.5 V and let the sample evolve to equilibrium, allowing the deep centers to emit their charge.
Owing to the donor character of the En level, when a reverse voltage near 0 V is applied, the centers will become filled with holes in the region limited by the edge of the p side and the crossing point of the Fermi level with the deep impurity level. When a high reverse voltage is applied, the crossover point moves away from the junction and a relaxation process begins. In this relaxation process there are two transients: the iirst is quicker than the second and corresponds to the expulsion of the majority carriers from the space-charge region due to the variation of the electric field. The slower transient response is due to the emission of the trapped carriers from the deep level. The emission of carriers produces two related components of charge variation so that voltage remains constant: the variation of the charge density stored inside the depletion region and the variation of charge associated with the shift of the edges of the depletion region.5*9 A modification in width of the space-charge zone is experimentally apparent as a variation in the high frequency capacitance of the sample. When holes are emitted from the deep centers there is also a flux of holes from the neutral zone towards the space-charge region and the width of this zone on the p side decreases. If the variation of charge inside the depletion region is higher than the variation associated with the decrease of the depletion region width on the p side of the junction, the net variation of charge on this side is negative. In order to maintain the charge neutrality of the whole junction for every instant of time, there must be an increase of the positive charge on the n side of the space-charge zone and, thus, an increase in the width of this region. Depending on whether this increase is greater or smaller than the decrease in the width of the depletion region on thep side, the net variation of the space-charge zone width could be either positive or negative. The theoretical behavior of the samples that we are analyzing in Figs. 4 and 5 is shown in Fig. 6 . In this figure we outline two situations corresponding to samples with low and high concentrations of deep levels, respectively. Only the effects of the donor level placed in the lower half of the silicon band gap are analyzed. The electric field is represented for two reverse voltages: 0 and V V. In this figure, the space-charge zone is also shown for three situations: t=O-(with the junction biased at 0 V), t=O+ (just after the application of the reverse voltage V), and t-00 (when the junction has reached the steady-state condition). In the sample with the lower deep impurity concentration (when the reverse voltage Y is applied), the electric field increases pushing, the free carriers out of the space-charge zone. At t=O+ the deep centers are charged on the p side of the space-charge zone, and thus the width of this zone has a greater value than it would have in a steady state. When holes are emitted, the charge of the centers vary and the edge of the depletion region on the p side moves toward the metallurgical junction. In that case, both charge variations almost compensate each other on the p side, and thus, the shift of the edge of the spacecharge zone on the n side is negligible. The net variation of the width of the depletion region is negative and is produced on thep side. As a consequence, we would measure a rising capacitance (Fig. 4) .
When the reverse. voltage V is applied to the sample with the higher deep impurity concentration the electric field also increases near x=0, pushing the free carriers out of the space-charge zone. Nevertheless, on the p side of the junction there is another component of the electric field that stops the hole flux towards the neutral p zone, and the number of holes expelled is thus lower than in the case of the less doped samples. The edge of the depletion region on ~the n side is therefore initially closer to the metallurgical junction. At t> O!', holes are emitted from the En level and the charge density varies inside the p zone of the depletion region. As we have seen in the simulation results, the space-charge zone is blocked on the p side (Fig. 2) ) and the net charge variation in this zone is negative (Fig. 5) . Hence, there must be an increase in the positive charge on the n-side and, thus, an increase in the width of the depletion region. If the increase in the depletion region width in the n zone is higher than the decrease of the depletion region width in thep zone, the capacitance transient will be a falling curve.
We can extrapolate the previous result to isothermal transient voltage at constant capacitance, since they can be explained in the same way: in this case the voltage has to vary in order to 6x the width of the space charge zone at a constant value as the holes are emitted. If the width of the depletion region on the p side is blocked by the electric field distribution, the voltage variation has to compensate the tendency of the width of the depletion region in the n zone to increase and the voltage transient would also be a falling curve. According to previous junction models, both majoritycapacitance transients7-9 and majority-voltage transients6 must be rising curves. These simplified models cannot therefore explain our results.
IV. EXPERIMENTS
To experimentally prove the phenomena theoretically analyzed we have studied p-n silicon structures. The n layer is phosphorus doped with a resistivity of 62.5 0 cm. Boron diffusion on the substrate was carried out at 1280 "C! for 20 h. Platinum was diffused at different temperatures (in the range 860-920 "C), which allowed us to obtain samples with different platinum concentrations. As a first step, samples were subjected to majority-and minorityinjection pulses and the responses of samples with different Pt concentrations were compared. Some DLTS spectra corresponding to samples with the lowest and the highest Pt concentration are shown in Fig. 7 , where the different behavior depending on the Pt concentration can be readily appreciated. The response of the more lightly doped sample to majority-and minority-injection pulses is shown in curves (a) and (b), respectively, and the response of the heavily doped sample is shown in curves (c) and (d). In the majority-carrier DLTS spectrum of the lightly doped sample [curve (a)], two positive peaks are observed, suggesting the existence of two levels. When minority carriers are injected in this junction [curve (b)], there is a decrease of the ET, maximum height and a negative peak appears at the same temperature at which the En maximum was observed. In the heavily doped sample the peak on the left has completely disappeared in both the majority and the minority spectra. The peak on the right shows the presence of minority traps since a prominent negative peak is observed in the minority spectrum [curve (d)]. Under majority pulses (with the sample reverse biased and analyzing the temperature region where the minority peak had been obtained) two extremes, with an inflection point between them [curve (c)l, located at the same temperature as the minority peak were observed instead of the previous peak.
With the classical models used in the capacitance DLTS interpretation, when traps are filled with majority' carriers only the existence of positive peaks could be explained.
To explain the phenomena observed in the DLTS spectra we simulated the response of a junction model that includes the exact impurity profiles (shallow dopants and deep impurities). To determine the impurity concentrations, a combined numerical-experimental method was used. l7 The model consists of a gradualp+-n junction ( below midgap (at Ey+0.34 eV), the concentration of both being the same and ranging from 4.5~ 1013 cmw3 for the samples diffused at 860 "C, to 8 X 1014 cmm3 for those diffused at 920 "C. With this junction model, we have been able to explain and reproduce the capacitance transients which originated the DLTS spectra shown in Fig. 7 . In a gradual junction, capture and emission of electrons (or holes) may take place on both sides of the spacecharge zone. The time variation of the electron occupation of any of the two levels may be seen as a simultaneous variation of majority and minority carriers with the same time constant. Thus both contributions will have to be subtracted, and the height of the DLTS maximum will decrease when minority carriers (in the previous sense) are injected, and, depending on the spatial distribution of the occupation factor, the peak can become negative, as seen in level Em
The main novelty in DLTS spectra is observed in Fig.  7(c) . The analysis of this spectrum requires a complete description of the junction, including the distributions of electrical potential, electric field, carriers, charge density, and occupation factors of the levels throughout the junction such as done in Sec. III.
In order to reproduce the anomalous spectrum shown in Fig. 7 (c) , majority-carrier capacitance transients were simulated with the same parameter values as the experimental samples. The details of the simulation have been given in previous sections.
The evolution of the capacitance after the application of majority pulses to a heavily doped sample is shown in Fig. 8 actual observation is that shown in the figure, in which a series of experimental transients taken at different temperatures are shown (dotted lines). These curves correspond to the sample with Pt diffused at the highest temperature (920 "C) . Several simulated transients are also plotted in a solid line; they have been calculated with the model described above and a Pt concentration of NT=8X 1014 cm p3. A good agreement between the theoretical and experimental results has been noted. Consequently, we not only verify the validity of the model used (shallow impurity profile, deep center concentration, and parameters associated with the deep centers), but also justify the behavior of the majority-DLTS spectra corresponding to the samples with the highest Pt concentration, in which a change of the slope sign was observed. This can be explained, since for two fixed times, t, and tz, the difference in the capacitance C( tl) -C( t2) calculated for all the theoretical transients of Fig. 8 takes positive values at low temperatures (in the case of increasing transients) and negative values at higher temperatures (in the case of a decreasing transient). Between both situations equality C(t,) =C(t,) is reached, with a maximum between both values. In this intermediate case there is a decrease in the width of the space-charge zone at the beginning of the transient followed by an increase of the width of the spacecharge zone, all of this in the same relaxation process. The explanation of these phenomena has been detailed in Sec. III C by dealing with a realistic junction and calculating the evolution of the electrical magnitudes during the transient. We can explain also the absence of the ET1 peak in the DLTS spectra of the samples with the highest Pt concentration. This occurs because at the temperatures at which this peak should have been observed we have numerically obtained a blocking in the width of the depletion region. This fact has also been experimentally observed, since the measured high frequency capacitance maintains a constant value ( 3-2 pF) independent of the bias voltage. Thus, the capacitance transients have null amplitude and the DLTS spectra are flat.
We have checked the exponentiality of the voltage transients at constant capacitance in samples with low Pt concentration by using constant-capacitance isothermal transient spectroscopy (CCITS), '"~17 lowed the activation energies of the detected levels to be determined. In the case of samples with high Pt concentration, the shape of the voltage transients at constant capacitance is similar to the shape of the capacitance transients, as expected, although the classical constant capacitance technique would only justify rising transients.6 In Fig. 9 , an experimental voltage transient at constant capacitance is shown. The curve has been measured at 163 K with a sample heavily doped with Pt. (The shallow impurity concentration on the n side is ND=6.67X 1013 cmF3 and the deep impurity concentration is NT= 8 X 1014 cm-"). The emission observed in the figure corresponds to the En level, since the emission coefficient of the ET, level is too high at these temperatures to be experimentally detected. The possible tendency of the space-charge zone to narrow and widen in the same relaxation process forces the voltage to increase and decrease in order to maintain the capacitance at a constant value.
V. CONCLUSIONS
A new junction model in which there are regions where deep level concentration is higher than shallow dopant concentration and others where the contrary occurs has been theoretically and experimentally analyzed. This gives rise, to date, to unknown distributions of the electric field, net charge density, carrier concentrations, and occupation factors of the deep levels through the junction. The appearance of a non-null electric field in regions far from the metallurgical junction produces anomalous capacitance behavior. The charge flow that compensates charge-carrier emission from deep levels (necessary to maintain voltage at a constant value in the case of a capacitance transient or to maintain capacitance at a constant value in the case of a voltage transient) is different from the one described by other junction models: it is the first time that a decreasing capacitance transient or an also decreasing voltage transient are found in response to majority-carrier pulses. Only minority-carrier injection should produce these decays, according to simpler models, as reported in previous investigations.
